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offset) offset! offset2 offset3

D1 D2 D3 D4 BLK1

(LBA11) | (LBA12) | (LBA21) | (LBA25)

D5 D6 D7 D8
(LBA31) | (LBA32) | (LBA33) | (LBA40)

D9 | D10 | D11 | D12
(LBA51) | (LBA52) | (LBAB1) | (LBAG2)

D13 | D14 | D15 | D16
(LBA71) | (LBA72) | (LBA73) | (LBAT74)

Page(

Page

Page2

Page3

__——_____“_———————————————_—___—_—_———”_—._-______—
- ™

Valid bit map of BLK1

offset) offset! offset2 offset3

f_-___—__________——_——_-__—_—____“

Notification of LBA list

LBA11, LBA12, LBA21, LBA31, LBAS2, LBA71
(or LBA11, LBA12, LBA21, LBA25, LBA31, LBA32, LBA33

| BA40, LBA51, LBA52, LBAG1, LBAG2, LBA71. LBA72,
| BA73,LBA74)

F1G. 7
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Write command
Command ID Command ID of write command

Period corresponding to lifetime of data to be written

Lifetime Information (or identifier associated with this period)

Identifier of data to be written

Tag (e.q. LBA, key of key value store or hash value of key)
Length Length of data to be written
Write buffer address Location in host memory in which data to be written

IS stored

F1G. 12

Address recording request

Identifier of written data

Physical address indicative of physical storage
location in which data is written

Physical address

Length of written data

F1G.13
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Read command

Command ID Command ID of read command

Physical address indicative of physical storage

~hysical address location In which data to be read is stored

Length Length of data to be read

Location in read buffer of host to which data should
be transferred

F1G. 14

Read buffer address

Copy command

Command ID Command ID of copy command

Source physical address Block address of copy source block

Des-tination physical
address (or identifier of
destination block group)

Bit map specifying each copy target data portion

F1G. 15

Block address of copy destination block
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offset(

offset1

offset2

D3
| BAT) | (LBA12) | (LBA21)
D5 D6 D7
|BA31) | (LBA32) | (LBA33)
D9 | D10 ‘ D11
LBA51) | (LBA52) | (LBAG1)
D13 | D14 | D15

(LBA72) | (LBAT73)

offset(

offset1

offset?

Sheet 14 of 17

offset3

D4
(LBA25)

D8
(LBA40)

D12
(LBA62)

D16
(LBA74)

offset3

US 11,301,171 B2

BLK1

e e e e e = —————— e e e o e ¥

Data D1, data D2 and data D3 are copy target
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Erase command

Command ID Command ID of erase command

Block address

Block address of erase target block

-1 G 17

Trim command

Command ID

Command ID of trim command

Physical address indicative of first physical
address in which data to be invalidated is stored

Length Length of data to be invalidated

F1G. 18

Physical address
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1

MEMORY SYSTEM WITH CONTROLLER
TO WRITE DATA TO MEMORY BASED ON
LIFETIME INFORMATION IN WRITE
COMMAND

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2019-157078,
filed Aug. 29, 2019, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a tech-
nique for controlling a nonvolatile memory.

BACKGROUND

In recent years, memory systems comprising nonvolatile
memories have become widespread.

As one of the above memory systems, a solid-state drive
(SSD) based on NAND flash technology has been known.

The SSD has been used as the storage of various computers.
Recently, an attempt to improve the performance of the
SSD by the control from a host has started.
To improve the performance of the SSD, a new function
for providing a host with information useful for improving
the performance needs to be realized.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a block diagram illustrating the relationship
between a host and a memory system according to an
embodiment.

FIG. 2 1s a diagram for explaining role-sharing between
the memory system of the embodiment and the host.

FIG. 3 1s a block diagram illustrating a configuration
example of the memory system of the embodiment.

FIG. 4 1s a block diagram illustrating the relationship
between a NAND interface and a plurality of NAND ftlash
memory chips in the memory system of the embodiment.

FIG. 5 1illustrates a configuration example of a block
group (super block) constructed by a set of a plurality of
physical blocks.

FIG. 6 15 a block diagram for explaining the operation of
writing data having the same estimated lifetime into the
same block, the operation of, when the elapsed time from the
time point at which a block has been filled with write data
exceeds a period, notifying the host of the 1dentifier of each
of the data portions stored 1n the block, and the operation of
copying the data portions stored in the block to a block
group for storing data having another estimated lifetime 1n
response to a request from the host.

FIG. 7 1s a diagram for explaining the operation of, when
the elapsed time from the time point at which a block has
been filled with write data exceeds a period, notifying the
host of the 1dentifier of each of the valid data portions stored
in the block.

FIG. 8 1s a diagram for explaining lifetime reestimation
operation and data copy operation.

FI1G. 9 15 a block diagram for explaining the operation of
writing data having the same estimated lifetime into the
same block, the operation of, when the elapsed time from the
time point at which a block has been filled with write data
exceeds a period, notifying the host of the 1dentifier of each
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2

of the data portions stored in the block, the operation of
copying the data portions stored in the block to a block

group for storing data having another estimated lifetime 1n
response to a request from the host, and the operation of
invalidating a data portion stored in the block in response to
a request from the host.

FIG. 10 1s a diagram for explaining the operation of
changing a block group 1n which data is stored from a block
group for storing data having a short lifetime to a group
block for storing data having a long lifetime.

FIG. 11 1s a flowchart illustrating the procedure of the
operation of allocating a block i which the degree of wear
1s less to data having a long lifetime and allocating a block
in which the degree of wear 1s great to data having a short
lifetime, and the procedure of the operation of changing the
accuracy of program operation based on the lifetime of the
data to be written.

FIG. 12 1llustrates an example of a write command 1ssued
to the memory system of the embodiment.

FIG. 13 illustrates an example of an address recording
request 1indicated from the memory system of the embodi-
ment to the host.

FIG. 14 illustrates an example of a read command 1ssued
to the memory system of the embodiment.

FIG. 15 1llustrates an example of a copy command 1ssued
to the memory system of the embodiment.

FIG. 16 1illustrates copy operation performed in the
memory system of the embodiment.

FIG. 17 illustrates an example of an erase command
issued to the memory system of the embodiment.

FIG. 18 1llustrates an example of a trim command 1ssued
to the memory system of the embodiment.

FIG. 19 1s a flowchart illustrating the procedure of write
operation performed in the memory system of the embodi-
ment.

FIG. 20 1s a flowchart illustrating copy operation and
invalidation operation performed in the memory system of
the embodiment.

DETAILED DESCRIPTION

Various embodiments will be described herematter with
reference to the accompanying drawings.

In general, according to one embodiment, a memory
system connectable to a host, comprises a nonvolatile
memory including a plurality of blocks, and a controller
clectrically connected to the nonvolatile memory and con-
figured to receive a write command from the host, the write
command including lifetime immformation capable of identi-
tying a period to which an estimated lifetime of write data
belongs.

When the period 1dentified by the lifetime information of
the recerved write command 1s a first period, the controller
writes the write data into a first write destination block
allocated for a first block group for storing data having an
estimated lifetime corresponding to the first period. When
the first write destination block 1s filled with the write data,
the controller manages the first write destination block as a
block 1 which a valid data portion 1s stored and which
belongs to the first block group, and allocates a new first
write destination block for the first block group.

When the period identified by the lifetime information of
the received write command 1s a second period longer than
the first period, the controller writes the write data into a
second write destination block allocated for a second block
group for storing data having an estimated lifetime corre-
sponding to the second period. When the second write
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destination block 1s filled with the write data, the controller
manages the second write destination block as a block i1n
which a valid data portion 1s stored and which belongs to the
second block group, and allocates a new second write
destination block for the second block group.

The controller detects, of blocks 1n which valid data
portions are stored and which belong to the first block group,
a first block 1n which an elapsed time from a time point at
which the block has been filled with the write data exceeds
the first period. The controller notifies the host of a list of
identifiers capable of identifying valid data portions stored
in the first block or a list of 1dentifiers capable of 1dentifying
all data portions stored in the first block. When receiving,
from the host, a first copy request speciiying one or more
valid data portions stored in the first block as copy target
data and specitying the second block group as a copy
destination block group, the controller copies the one or
more valid data portions specified as the copy target data
from the first block to the second block group.

This specification explains the relationship between a
memory system and a host according to an embodiment with
reference to FIG. 1.

The memory system 1s a semiconductor storage device
configured to write data into a nonvolatile memory and read
data from the nonvolatile memory. The memory system 1s
realized as a flash storage device 3 based on NAND flash
technology.

A host (host device) 2 1s configured to control a plurality
of flash storage devices 3. The host 2 1s realized by an
information processing apparatus configured to use a flash
array including a plurality of tlash storage devices 3 as
storage. The information processing apparatus may be a
personal computer or a server computer.

Each flash storage device 3 may be utilized as one of a
plurality of flash storage devices provided 1n a storage array.
The storage array may be connected to an information
processing apparatus such as a server computer via a cable
or a network. The storage array includes a controller which
controls the storage devices ({or example, the flash storage
devices 3) in the storage array. When the flash storage
devices 3 are applied to the storage array, the controller of
the storage array may function as the host of the tlash storage
devices 3.

Each tlash storage device 3 may be realized as a first type
storage device configured to manage mapping between each
logical address used by the host 2 to access the flash storage
device 3 and each physical address of the nonvolatile
memory 1n the tlash storage device 3 by using a lookup table
which functions as an address translation tablet. A logical
block address (LBA) 1s used as a logical address.

When each flash storage device 3 1s realized as the first
type storage device, the tlash storage device 3 receives a
write request specifying the logical address of write target
data from the host 2. The flash storage device 3 determines
the physical storage location (block and page) of the non-
volatile memory into which write data associated with the
received write request should be written, writes the write
data into the determined physical storage location, and
associates the physical address (block address and in-block
oflset) indicative of the physical storage location in which
the write data 1s written with the logical address by updating,
the lookup table. The 1n-block oflset may be represented by
the page address of a page and an oflset within the page.

When each flash storage device 3 1s realized as the first
type storage device, the tlash storage device 3 receives a
read request specitying the logical address of read target data
and the length of the read target data from the host 2. The
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flash storage device 3 obtains the physical address indicative
of the physical storage location of the nonvolatile memory
in which data corresponding to the logical address specified
by the read request is stored by referring to the lookup table.
The flash storage device 3 reads data corresponding to the
logical address specified by the read request from the
nonvolatile memory based on the obtained physical address.

Each flash storage device 3 may be realized as a second
type storage device configured to notity the host 2 of a
physical address.

When each tlash storage device 3 is realized as the second
type storage device, the flash storage device 3 may use an
addressing scheme 1n which the method for specifying an
address for writing 1s different from the method for speci-
tying an address for reading.

In this addressing scheme, a read request received from
the host 2 specifies the physical address (both the block
address and the in-block offset) indicative of the physical
storage location 1n the nonvolatile memory 1 which read
target data 1s stored and the length of the read target data.
The block address 1s the block address indicative of the
block in the nonvolatile memory in which the read target
data 1s stored. The in-block offset 1s indicative of the
physical storage location in the block in which the read
target data 1s stored. A write request received from the host
2 may specily the logical address of write target data and the
length of the write target data. In this case, the flash storage
device 3 determines both the write destination block and the
write destination location 1n the write destination block. The
flash storage device 3 notifies the host 2 of the physical
address (block address and in-block offset) indicative of the
physical storage location of the nonvolatile memory in
which the write target data 1s written. The host 2 updates the
lookup table and maps the physical address indicated by the
SSD 3 to the logical address of the write target data.

When each tlash storage device 3 is realized as the second
type storage device, a write request recerved from the host
2 may specily the logical address of write target data, the
block address of the write destination block and the length
of the write target data. In this case, the flash storage device
3 determines only the write destination location 1n this write
destination block. The flash storage device 3 notifies the host
2 of the physical address (block address and 1n-block ofiset)
indicative of the physical storage location of the nonvolatile
memory 1in which the write target data 1s written. The host
2 updates the lookup table and maps the physical address
indicated by the SSD 3 to the logical address of the write
target data.

In each of the first type storage device and the second type
storage device, 1n place of the logical address of write/read
target data, a key of a key-value store or the hash value of
this key, etc., may be used as an identifier capable of
identifying write/read target data.

Hereinatter, mainly, it 1s assumed that each tlash storage
device 3 1s realized as the second type storage device. It 1s
also assumed that an information processing apparatus such
as a server computer functions as the host 2 for 1ssuing a
write/read request (write/read command) to the flash storage
devices 3.

The host (server) 2 and a plurality of flash storage devices
3 are interconnected (internally interconnected) via an inter-
tace 50. As the interface 50 for interconnection, for example,
a PCI Express (PCle) (registered trademark), NVM Express
(NVMe) (registered trademark), Ethernet (registered trade-
mark) or NVMe over Fabrics (NVMeOF) may be used.
However, the interface 50 for interconnection 1s not limited
to these examples.
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A typical example of the server computer which functions
as the host 2 1s a server computer (heremafter, referred to as
a server) 1n a data center.

In the case where the host 2 1s realized by a server in a
data center, the host (server) 2 may be connected to a
plurality of end user terminals (clients) 61 via a network 60.

The host 2 1s capable of providing the end user terminals 61
with various services.

Examples of the services provided by the host (server) 2
include, for example, (1) a Platform as a Service (PaaS)
which provides each client (end user terminal 61) with a
system running platform and (2) an Infrastructure as a
Service (IaaS) which provides each client (end user terminal
61) with an infrastructure such as a virtual server.

A plurality of virtual machines may be run on the physical
server which functions as the host (server) 2. Each of the
virtual machines running on the host (server) 2 1s capable of
functioning as a virtual server configured to provide a client
(end user terminal 61) corresponding to the virtual machine
with various services. In each virtual machine, an operating,
system and a user application used by an end user terminal
61 corresponding to the virtual machine are executed.

In the host (server) 2, a flash translation layer (host FTL)
may be executed. The host FTL includes a lookup table
(LUT) which 1s an address translation tablet for managing
mapping between each identifier (tag) for identifying access
target data and each physical address of the nonvolatile
memory 1n each tlash storage device 3. The host FTL 1s
capable of recogmze data placement on the nonvolatile
memory in each flash storage device 3 by using the LUT.

Each flash storage device 3 includes a nonvolatile
memory such as a NAND flash memory. The nonvolatile
memory 1includes a plurality of blocks each of which
includes a plurality of pages. Each of these blocks 1s a unit
of erasing data. Each of the pages 1s a unit of writing and
reading data.

Each flash storage device 3 1s capable of executing
low-level abstraction. The low-level abstraction 1s a function
tor the abstraction of the nonvolatile memory. The low-level
abstraction includes a function of assisting data placement,
etc. Examples of a function of assisting data placement may
include a function of allocating the write destination block
into which user data from the host 2 should be written, a
function of determining the write destination location (the
write destination block and the location in the write desti-
nation block) of user data, a function of notifying an upper
layer (host 2) of the write destination location (block address
and 1n-block offset) 1n which user data 1s written, etc.

Each flash storage device 3 executes various commands
received from the host 2. These commands include a write
command for writing data into the nonvolatile memory 1n
the tlash storage device 3, and a read command for reading,
data from the nonvolatile memory. In the present embodi-
ment, each read command specifies the physical address
indicative of the storage location 1n which the data to be read
1s stored. The physical address 1s represented by the block
address of the read target block and the oiflset (in-block
oflset) indicative of the read target storage location 1n the
read target block.

Each flash storage device 3 receives each read command
specilying the block address of the read target block and the
oflset indicative of the read target storage location in the
read target block from the host 2, and performs data read
operation 1n accordance with the received read command.

FIG. 2 1llustrates role sharing between the flash storage
device 3 and the host 2.
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In the host (server) 2, a plurality of virtual machines 401
corresponding to a plurality of end users, respectively, are
executed. In each virtual machine 401, an operating system
and a user application 402 used by a corresponding end user
are executed.

In the host (server) 2, a plurality of I/O services 403
corresponding to a plurality of user applications 402, respec-
tively, are executed. The I/O services 403 may include a
logical block address (LBA)-based block I/O service, a
key-value store service and the like. Each of the I/O services
403 1ncludes a lookup table (LUT) which manages mapping
between each tag and each physical address of the flash
storage device 3.

The tag 1s indicative of an i1dentifier which can identify
access target data. A typical example of the tag 1s a logical
address such as an LBA although the tag 1s not limited to this
example. Alternatively, a user address (for example, a key of
a key-value store, or the hash value of the key) may be used
as the tag.

The physical address of the flash storage device 3 1s an
address for specitying the storage location (physical storage
location) 1n the nonvolatile memory included 1n the flash
storage device 3.

In the LBA-based block I/O service, an LUT which
manages mapping between each logical address (LBA) and
cach physical address of the flash storage device 3 may be
used.

In the key-value store service, an LUT which manages
mapping between each of keys (or the hash value of each
key), each of physical addresses of the flash storage device
3 1n which data corresponding to these key are stored, and
the data length of data corresponding to each of these keys
may be used.

Each end user can select the addressing method (an LBA,
a key of a key-value store, the hash value of the key, etc.)
which should be used.

In the host (server) 2, a plurality of write buflers (WBs)
404 corresponding to a plurality of virtual machines 401,
respectively, may be managed.

Write data from a user application 402 may be temporar-
1ly stored in the write butler (WB) 404 for a virtual machine
401 corresponding to the user application 402.

Transmission of a command from the host (server) 2 to
the flash storage device 3 and return of a response of
command completion, etc., from the flash storage device 3
to the host (server) 2 are executed via an I/O queue 500
which 1s present in each of the host (server) 2 and the flash
storage device 3.

The flash storage device 3 is capable of managing each of
a plurality of areas obtained by logically dividing the
nonvolatile memory in the flash storage device 3 as a QoS
domain 601. Each QoS domain 601 1s a subset of a plurality
of blocks included 1n the nonvolatile memory. Each of the
blocks included in the nonvolatile memory belongs to only
one QoS domain 601. The same block does not simultane-
ously belong to different QoS domains 601.

Each QoS domain 601 i1s identified by an i1dentifier called
a QoS domain ID. These QoS domain IDs are used as a
plurality of identifiers for accessing the areas (QoS
domains), respectively.

In the present embodiment, each write command specifies
the tag of write data (for example, the LBA of write data)
and the length of the write data. When a write command
specilying a tag such as an LBA and the length of write data
1s received from the host 2, the flash storage device 3 selects
a block from a group of free blocks and allocates the selected
block as a write destination block. In the case where the tlash
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storage device 3 1s configured to manage a plurality of QoS
domains 601, a common block group 602 shared by the QoS
domains 601 may be used as a group of free blocks.

The write destination block 1s indicative of the block 1nto
which data should be written. The write destination block
may be a single physical block, or a block group including
a set of a plurality of physical blocks. Each block group is
also called a super block. Each block group includes, for
example, a plurality of physical blocks selected from dii-
terent nonvolatile memory dies (also referred to as nonvola-
tile memory chips). Thus, it 1s possible to write data into a
plurality of physical blocks belonging to a block group in
parallel, and 1t 1s possible to read data from these physical
blocks 1n parallel.

Each free block 1s indicative of a block 1n a state (Iree
state) where 1t can be reused (reallocated) as a new write
destination block. A typical example of a free block 15 a
block (physical block or super block) 1n which valid data 1s
not stored. Valid data 1s indicative of the latest data associ-
ated with a tag such as an LBA. In other words, data linked
as the latest data from the LUT (logical-to-physical address
translation tablet) of the host 2 1s valid data.

Invalid data 1s indicative of data which 1s not associated
with a tag such as an LBA. Data which 1s not linked from
the LUT of the host 2 1s invalid data. For example, when
updated data corresponding to an LEA 1s written imto the
flash storage device 3, previous data corresponding to the
LBA becomes mvalid data.

When data associated with a received write command 1s
written mto a write destination block, the flash storage
device 3 transmits the tag of the data, the length of the data
and the physical address (block address and 1n-block offset)
indicative of the physical storage location in which the data
1s written to the host 2 as an address recording request. The
address recording request 1s used as a physical address
notification message for notifying the host 2 of the physical
address (block address and in-block offset) indicative of the
physical storage location 1n which the data 1s written.

The block address i1s an address for identitying the write
destination block. The in-block offset 1s indicative of the
physical storage location in the write destination super block
in which the data 1s written.

In accordance with the address recording request, the host
2 1s capable of updating the LUT such that the physical
address (block address and 1n-block offset) can be associated
with the tag of the data such as an LBA.

FIG. 3 illustrates a configuration example of the flash
storage device 3.

The flash storage device 3 comprises a controller 4 and a
nonvolatile memory (NAND flash memory) 3. The flash
storage device 3 may comprise a random access memory
such as a DRAM 6.

The NAND flash memory 5 includes a memory cell array
including a plurality of memory cells arrayed 1n matrix. The
NAND flash memory 5 may be either a flash memory
comprising a two-dimensional structure or a flash memory
comprising a three-dimensional structure. The memory cell
array ol the NAND flash memory 5 includes a plurality of
blocks BLK0 to BLKm-1. Each of blocks BLKO0 to

BLKm-1 includes a plurality of pages (here, pages P0 to
Pn-1). Blocks BLK0 to BLKm-1 function as erase units.
Blocks may be called erase blocks, physical blocks or
physical erase blocks. Pages PO to Pn—1 are the units of data
write operation and data read operation.

The controller 4 1s electrically connected to the NAND
flash memory 5 which 1s a nonvolatile memory via a NAND
interface 13 such as a Toggle NAND flash interface and an
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open NAND flash interface (ONFI). The controller 4 oper-
ates as a memory controller configured to control the NAND
flash memory 5. The controller 4 may be realized by a circuit

such as a System-on-a-chip (SoC).
As shown in FIG. 4, the NAND flash memory 5 may

include a plurality of NAND flash memory dies (INAND
flash memory chips). Each NAND flash memory die 1is
independently operable. Thus, the NAND flash memory dies
function as parallel operational units. FIG. 4 illustrates a
case where 16 channels Ch.0 to Ch.15 are connected to the
NAND interface 13, and two NAND flash memory dies are
connected to each of 16 channels Ch.0 to Ch.135. In this case,
16 NAND flash memory dies #0 to #15 connected to
channels Ch.0 to Ch.15 may be organized as bank #0. The
remaining 16 NAND flash memory dies #16 to #31 con-
nected to channels Ch.0 to Ch.15 may be organized as bank
#1. The banks function as the units of causing a plurality of
memory modules to operate in parallel by bank interleaving.
In the configuration example of FIG. 4, up to 32 NAND flash
memory dies can be operated in parallel by 16 channels and
bank 1nterleaving using two banks.

Erase operation may be performed for either each physi-
cal block or each super block including a set of physical
blocks which are operable 1n parallel. Each super block may
include 32 physical blocks 1n total selected from NAND
flash memory dies #0 to #31 one by one although the
configuration 1s not limited to this example. Each of NAND
flash memory dies #0 to #31 may comprise a multiplane
structure. For example, when each of NAND flash memory
dies #0 to #31 comprises a multiplane structure including
two planes (plane #0 and plane #1), the total number of
planes included 1in the NAND flash memory 5 1s 64. Each
super block may include 64 physical blocks 1n total selected
from the 64 planes included in the NAND flash memory 5
one by one.

FIG. 5 illustrates a configuration example of some super
blocks SB.

Super block SB0 having super block address 0 comprises
physical block BLKO0 included in plane #0 of NAND flash
memory die #0 (die #0) and having block address 0, physical
block BLKO included in plane #1 of NAND flash memory
die #0 (die #0) and having block address 0, physical block
BLKO0 included 1n plane #0 of NAND flash memory die #1
(die #1) and having block address O, physical block BLKJ0
included 1n plane #1 of NAND flash memory die #1 (die #1)
and having block address 0, physical block BLKO0 included
in plane #0 of NAND flash memory die #2 (die #2) and
having block address 0, physical block BLKO0 included in
plan #1 of NAND flash memory die #2 (die #2) and having
block address O, . . . , physical block BLKO0 included 1n plane
#0 of NAND flash memory die #31 (die #31) and having
block address 0, and physical block BLKO0 included in plane
#1 of NAND flash memory die #31 (die #31) and having
block address O.

Similarly, super block SB255 having super block address
255 comprises physical block BLK255 included 1n plane #0
of NAND flash memory die #0 (die #0) and having block
address 255, physical block BLK255 included 1n plane #1 of
NAND flash memory die #0 (die #0) and having block
address 253, physical block BLK255 included 1n plane #0 of
NAND flash memory die #1 (die #1) and having block
address 253, physical block BLK255 included 1n plane #1 of
NAND flash memory die #1 (die #1) and having block
address 2535, physical block BLK255 included 1n plane #0 of
NAND flash memory die #2 (die #2) and having block
address 255, physical block BLK2535 included 1n plan #1 of
NAND flash memory die #2 (die #2) and having block
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address 255, . . ., physical block BLK2535 included in plane
#0 of NAND flash memory die #31 (die #31) and having
block address 255, and physical block BLK2355 included in
plane #1 of NAND flash memory die #31 (die #31) and
having block address 255. 5

Now, this specification explains the configuration of the
controller 4 of FIG. 3.

The controller 4 includes a host interface 11, a CPU 12,
the NAND interface 13, a DRAM interface 14, a direct
memory access controller (DMAC) 15, an ECC encode/ 10
decode unit 16, etc. The host interface 11, the CPU 12, the
NAND interface 13, the DRAM interface 14, the DMAC 15
and the ECC encode/decode unit 16 are interconnected via
a bus 10.

The host interface 11 1s a host intertace circuit configured 15
to perform communication with the host 2. The host inter-
face 11 may be, for example, a PCle controller (NVMe
controller). When the flash storage device 3 1s connected to
the host 2 via Ethernet (registered trademark), the host
interface 11 may be an NVMe over Fabrics (NVMeOF) 20
controller.

The host interface 11 receives various commands from the
host 2. These commands include a write command, a read
command, a copy command, an erase command, a trim
command and other various commands. 25

The CPU 12 1s a processor configured to control the host
interface 11, the NAND interface 13, the DRAM interface
14, the DMAC 15 and the ECC encode/decode unit 16. The
CPU 12 loads a control program (firmware) from the NAND
flash memory 5 or a ROM (not shown) into the DRAM 6 30
when the flash storage device 3 1s powered on, and performs
various processes by running the firmware. The firmware
may be loaded onto an SRAM (not shown) 1n the controller
4. The CPU 12 1s capable of performing a command process
for executing various commands from the host 2, etc. The 35
operation of the CPU 12 is controlled by the firmware
executed by the CPU 12. A command process may be
partially or entirely performed by exclusive hardware 1n the
controller 4.

The CPU 12 1s capable of functioning as a write control 40
unit 21, a data notification unit 22, a read control unit 23 and
a copy control unit 24. A part of or the entire part of each of
the write control unit 21, the data notification unit 22, the
read control unit 23 and the copy control unit 24 may be
realized by exclusive hardware 1n the controller 4. 45

The write control unit 21 1s capable of processing a write
command including lifetime mnformation. The lifetime 1nfor-
mation 1s indicative of information which can identily the
period to which the estimated lifetime of write data belongs.
The lifetime of write data 1s indicative of the period from the 50
time point at which write data 1s generated to the time point
at which the data 1s invalidated by erasing or updating
(rewriting) the data. The lifetime information included 1n a
write command may be indicative of the time length of a
period corresponding to the estimated lifetime of write data 55
associated with the write command. Alternatively, 1n the
case where the correspondence relationship between a plu-
rality of periods and a plurality of 1dentifiers associated with
these periods 1s determined 1n advance, the lifetime 1nfor-
mation included 1n a write command may be an i1dentifier 60
associated with a period corresponding to the estimated
lifetime of write data associated with the write command.

The write control unit 21 writes write data having the
same estimated lifetime into the same write destination
block, based on each write command including lifetime 65
information. The write control unit 21 returns the physical
address (block address and in-block offset) indicative of the

10

storage location (physical storage location) of the NAND
flash memory 5 in which the write data 1s written.

For example, when the period 1dentified by the lifetime
information included 1n a received write command 1s 1ndica-
tive of a first period (for example, a day), the write control
unit 21 writes write data associated with the write command
into a write destination block allocated for a first block group
for storing data having an estimated lifetime corresponding
to the first period (for example, a day). The write control unit
21 returns the physical address indicative of the storage
location 1n the write destination block i which the write
data 1s written to the host 2.

In this way, write data associated with each write com-
mand including lifetime information which can 1dentify the
first period (for example, a day) 1s written to the write
destination block allocated for the first block group. When
this write destination block 1s fully filled with write data, the
write control unit 21 allocates a new write destination block
for the first block group. The state of the write destination
block filled with write data 1s changed from an opened state
to a closed state. This write destination block 1s managed by
the controller 4 as an active block including valid data and
belonging to the first block group.

In other words, each block used as a write destination
block for the first block group 1s managed by the controller
4 as an active block including valid data and belonging to the
first block group. Regarding each block which was used as
a write destination block for the first block group, when the
clapsed time from the time point at which the block has been
tully filled with write data exceeds the first period (for
example, a day), there 1s a high possibility that all the data
in the block 1s mnvalided by erasing or updating (rewriting)
the data. Regarding a block 1n which all the data has been
invalidated, the block can be caused to be a free block by
only applying erase operation to the block without executing
garbage collection for copying valid data to another block.
For example, 1in the case where the host 2 manages the
validity/invalidity of the data portions 1n each block by using
the host FTL, at the time point when all the data portions in
an active block 1s invalidated by erasing or updating (rewrtit-
ing) the data, the host 2 may transmit a command (erase
command) for releasing the active block as a free block to
the flash storage device 3. In the case where the flash storage
device 3 manages the validity/invalidity of the data portions
in each block, at the time point when all the data portions 1n
an active block 1s invalidated by erasing or updating (rewrit-
ing) the data, the flash storage device 3 may automatically
perform operation for releasing the active block as a free
block.

In this way, 1t 1s possible to reduce the frequency neces-
sary for executing garbage collection for copying only valid
data from a block having both valid data and 1invalid data to
another block, thereby minimizing the write amplification of
the flash storage device 3.

For example, when the period i1dentified by the lifetime
information included 1n a received write command 1s a
second period (for example, three days), the write control
unit 21 writes write data associated with the write command
into a write destination block allocated for a second block
group for storing data having an estimated lifetime corre-
sponding to the second period (for example, three days). The
write control unit 21 returns the physical address indicative
of the storage location in the write destination block 1n
which the write data 1s written to the host 2.

In thus way, write data associated with each write com-
mand including lifetime information which can identity the
second period (for example, three days) 1s written to the
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write destination block allocated for the second block group.
When this write destination block 1s fully filled with write
data, the write control unit 21 allocates a new write desti-
nation block for the second block group. The state of the
write destination block filled with write data 1s changed from
an opened state to a closed state. This write destination block
1s managed by the controller 4 as an active block including
valid data and belonging to the second block group.

In other words, each block which was used as a write
destination block for the second block group 1s managed by
the controller 4 as an active block including valid data and
belonging to the second block group. Regarding each block
which was used as a write destination block for the second
block group, when the elapsed time from the time point at
which the block has been fully filled with write data exceeds
the second period (for example, three days), there 1s a high
possibility that all the data in the block 1s invalided by
erasing or updating (rewriting) the data. Regarding a block
in which all the data has been 1nvalidated, the block can be
caused to be a free block by only applying erase operation
to the block without executing garbage collection for copy-
ing valid data to another block.

For example, when the period identified by the lifetime
information included in a recerved write command 1s a third
period (for example, seven days), the write control unit 21
writes write data associated with the write command into a
write destination block allocated for a third block group for
storing data having an estimated lifetime corresponding to
the third period (for example, seven days). The write control
unit 21 returns the physical address indicative of the storage
location 1n the write destination block 1n which the write
data 1s written to the host 2.

In this way, write data associated with each write com-
mand including lifetime information which can i1dentify the
third period (for example, seven days) 1s written into the
write destination block allocated for the third block group.
When this write destination block 1s fully filled with write
data, the write control unit 21 allocates a new write desti-
nation block for the third block group. The state of the write
destination block filled with write data 1s changed from an
opened state to a closed state. This write destination block 1s
managed by the controller 4 as an active block including
valid data and belonging to the third block group.

In other words, each block which was used as a write
destination block for the third block group 1s managed by the
controller 4 as an active block including valid data and
belonging to the third block group. Regarding each block

which was used as a write destination block for the third
block group, when the elapsed time from the time point at
which the block has been fully filled with write data exceeds
the third period (for example, seven days), there 1s a high
possibility that all the data in the block 1s 1nvalided by
erasing or updating (rewriting) the data. Regarding a block
in which all the data has been 1nvalidated, the block can be
caused to be a free block by only applying erase operation
to the block without executing garbage collection for copy-
ing valid data to another block.

The actual lifetime of data may be changed. Therelore,
even 1 the host 2 determined data as data having a lifetime
belonging to the first period (for example, a day) of a
plurality of periods by the previous estimation of lifetime,
the actual lifetime of the data may longer than the first time.

In this case, write amplification may be reduced when the
data 1s dealt with as data having a lifetime belonging to a
period (for example, three or seven days) longer than the
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first period rather than continuously dealing with the data as
data having a lifetime belonging to the first period (for
example, a day).

Thus, for example, the data notification unit 22 detects, of
the blocks (an active block group belonging to the first block
group) used as write destination blocks for the first block
group, a block in which the elapsed time from the time point
at which the block has been filled with write data exceeds the
first period (for example, a day). The detected block 1s a
block which still has valid data even after the first period (for
example, a day) passed.

The data notification unit 22 notifies the host 2 of a list of
identifiers (for example, LBAs) which can 1dentify the valid
data portions stored in the detected block or a list of
identifiers (for example, LBAs) which can identify all the
data portions stored 1n the detected block.

In the case where the flash storage device 3 is realized as
the first type storage device, as the controller 4 manages the
validity/invalidity of the data portions stored in each block,
the data notification unit 22 of the controller 4 1s capable of
notifying the host 2 of a list of i1denftifiers (for example,
L.BAs) which can identify the valid data portions stored 1n
the detected block.

In the case where the flash storage device 3 is realized as
the second type storage device, the validity/invalidity of the
data portions stored in each block 1s basically managed by
the host 2. Thus, the data notification unit 22 of the con-
troller 4 may notify the host 2 of a list of identifiers (for
example, LBAs) which can identity all the data portions
stored 1n the detected block.

Even in the case where the flash storage device 3 1s
realized as the second type storage device, the controller 4
1s capable of managing the validity/invalidity of the data
portions stored in each block based on each trim command
received from the host 2. In this case, the controller 4 may
notily the host 2 of a list of 1dentifiers ({or example, LBAs)
which can identity the valid data portions stored in the
detected block.

Based on the LBA list recetved from the flash storage
device 3, the host 2 1s capable of obtaining a chance to
reestimate the lifetime of each data portion (valid data
portion) stored 1n a block 1n which the elapsed time from the
time point at which the block has been filled with write data
exceeds the first period (for example, a day). Based on the
result of the reestimation of the lifetime of each data portion,
the host 2 1s capable of transmitting, to the flash storage
device 3, a copy request specilying one or more valid data
portions stored in the block as copy target data and speci-
tying a block group (for example, the second block group or
the third block group) diflerent from the first block group as
the copy destination block group. In this way, data 1n which
the actual lifettime 1s longer than the first period (for
example, a day) can be restored in the same block as the
block in which other data corresponding to a period longer
than the first period 1s stored.

When a read command specifying a physical address
(block address and in-block offset) 1s recerved from the host
2, the read control unit 23 reads data from the NAND flash
memory 5 based on the block address and the in-block
oflset. The read target block 1s specified by the block
address. The read target physical storage location in the
block 1s specified by the in-block offset.

The copy control unit 24 receives, from the host 2, a copy
request specilying one or more valid data portions stored in
the detected block as copy target data and specitying the
different second block group as the copy destination block
group. Based on the received copy request, the copy control
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unit 24 copies one or more valid data portions specified as
copy target data from the detected block to the block group
specified as the copy destination block group. In this way, a
data portion which exceeds the lifetime previously expected
can be copied to a block group used for storing data having
the same lifetime as the reestimated lifetime of the data
portion.

After completing this copy operation, to cause the block
to be a free block, the host 2 may transmit an erase command
specilying the block to the flash storage device 3. Based on
the receipt of the erase command, the controller 4 performs
the erase operation of the block specified by the erase
command and manages the block as a free block.

The NAND interface 13 1s a memory control circuit

configured to control the NAND flash memory 5 under the
control of the CPU 12.
The DRAM interface 14 1s a DRAM control circuit

configured to control the DRAM 6 under the control of the

CPU 12. The storage region of the DRAM 6 1s used to store
a block management table 32. The block management table
32 includes a plurality of management tables corresponding
to a plurality of blocks 1n the NAND flash memory 5,
respectively. Each management table 1s used to store the
management information (metadata) for managing a block
corresponding to the management table. The metadata may
include the number of rewrites (the number of program/
erase cycles) of the corresponding block, an opened/closed
state, etc., although the configuration 1s not limited to this
example. The metadata may include valid bit map data
indicative of the validation/invalidation of each data portion
stored 1n the corresponding block.

The opened/closed state 1s indicative of whether the block

1s 1n an opened state or a closed state. The opened state 1s
indicative of a state where the block 1s 1n use as a write
destination block. The closed state 1s indicative of a state
where the block 1s filled with data and managed as an active
block.

In the case where the flash storage device 1s realized as the
first type storage device, the storage region of the DRAM 6
1s used to store a lookup table (LUT) 33 which functions as
an address translation tablet.

The DMAC 15 performs data transfer between the
memory (write bufler) in the host 2 and the DRAM 6
(internal bufler) under the control of the CPU 12. When
write data should be transferred from the write bufler of the
host 2 to the internal builer, the CPU 12 specifies the transier
source address indicative of the location on the write bufler,
the data size and the transier destination address indicative
of the location on the internal bufler with respect to the
DMAC 15.

When data should be written mto the NAND flash
memory 3, the ECC encode/decode unit 16 encodes (ECC-
encodes) the write data to be written, thereby adding an error
correction code (ECC) to the data. When data 1s read from
the NAND flash memory 5, the ECC encode/decode unit 16
performs the error correction of the data (ECC decoding),
using the ECC added to the read data.

FIG. 6 1s a block diagram for explaining the operation of
writing data having the same estimated lifetime into the
same block, the operation of, when the elapsed time from the
time point at which a block has been filled with write data
exceeds a period, notitying the host 2 of the identifier of each
of the data portions stored 1n the block, and the operation of
copying the data portions stored in the block to a block
group for storing data having another estimated lifetime 1n
response to a request from the host 2.
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The host 2 includes a lifetime estimation unit 201. The
lifetime estimation unit 201 estimates the lifetime of the data
to be written 1nto the flash storage device 3, and classifies the
estimated lifetime of the data into a plurality of lifetime
groups (for example, group #1, group #2, group #3 and
group #4) having periods diflerent from each other. FIG. 6
illustrates a case where a period corresponding to group #1
1s a day, and a period corresponding to group #2 i1s three
days, and a period corresponding to group #3 1s seven days,

and a period corresponding to group #4 1s a month.

When the estimated lifetime of the data to be written 1s
less than or equal to a day, the lifetime estimation unit 201
classifies the data into group #1. In this case, the host 2
transmits a write command including lifetime information
which can identify a period (here, a day) corresponding to
group #1 to the flash storage device 3. The lifetime 1nfor-
mation may be indicative of a time length corresponding to
a day. Alternatively, when the flash storage device 3 1is
notified of the correspondence relationship between group
#1 and a period (a day) corresponding to group #1 1n
advance, the lifetime imnformation may be indicative of an
identifier associated with a period (a day) corresponding to
group #1, for example, the 1dentifier of group #1.

When the estimated lifetime of the data to be written 1s
greater than a day and less than or equal to three days, the
lifetime estimation unit 201 classifies the data into group #2.
In this case, the host 2 transmits a write command including
lifetime information which can 1dentify a period (here, three
days) corresponding to group #2 to the flash storage device
3. The lhifetime information may be indicative of a time
length corresponding to three days. Alternatively, when the
flash storage device 3 1s notified of the correspondence
relationship between group #2 and a period (three days)
corresponding to group #2 in advance, the lifetime infor-
mation may be mdicative of an i1dentifier associated with a
period (three days) corresponding to group #2, for example,
the 1dentifier of group #2.

When the estimated lifetime of the data to be written 1s
greater than three days and less than or equal to seven days,
the lifetime estimation unit 201 classifies the data into group
#3. In this case, the host 2 transmits a write command
including lifetime information which can i1dentily a period
(here, seven days) corresponding to group #3 to the tlash
storage device 3. The lifetime information may be indicative
of a time length corresponding to seven days. Alternatively,
when the tlash storage device 3 1s notified of the correspon-
dence relationship between group #3 and a period (seven
days) corresponding to group #3 in advance, the lifetime
information may be indicative of an identifier associated
with a period (seven days) corresponding to group #3, for
example, the identifier of group #3.

When the estimated lifetime of the data to be written 1s
greater than seven days and less than or equal to a month, the
lifetime estimation unit 201 classifies the data into group #4.
In this case, the host 2 transmits a write command including
lifetime 1nformation which can identity a period (here, a
month) corresponding to group #4 to the flash storage device
3. The lhifetime information may be indicative of a time
length corresponding Lo a period (here, a month) corre-
sponding to group #4. Alternatively, when the flash storage
device 3 1s notified of the correspondence relationship
between group #4 and a period (a month) corresponding to
group #4 1n advance, the lifetime information may be
indicative of an identifier associated with a period (here, a
month) corresponding to group #4, for example, the 1denti-
fier of group #4.
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In the flash storage device 3, a tlash block pool including
four block groups 41 to 44 corresponding to four groups
(group #1 to group #4), respectively, 1s managed. Each free
block 1s managed by a free block pool 45.

Block group 41 1s a set of blocks for storing data having >
an estimated lifetime corresponding to the period (a day) of
group #1. In the flash storage device 3, firstly, a free block
1s selected from the free block pool 45, and the selected tree
block 1s allocated as a write destination block for block
group 41. Write data associated with each write command
including lifetime information for identifying a period cor-
responding to group #1 1s written into the write destination
block allocated for block group 41. When this write desti-
nation block 1s fully filled with write data, 1n other words,
when data 1s written 1nto the last storage location (last page)
of the write destination block, a free block 1s selected {from
the free block pool 45 again, and the selected free block 1s
allocated as a new write destination block for block group
41. The state of the block filled with write data transitions 2g
from an opened state to a closed state, and the block 1s

managed as an active block belonging to block group 41 and
including valid data.

FIG. 6 1llustrates a case where block BLLK1, block BILLK2,
block BLK3, block BLLK4, block BLKS, block BLLK#6, block 25
BLK7 and block BLKS8 are allocated as a write destination
block for block group 41 in this order. Block BLKS8 1s the
current write destination block for block group 41. Block
BLK1 1s the oldest block of the blocks used as a write
destination block for block group 41. 30

Block group 42 1s a set of blocks for storing data having
an estimated lifetime corresponding to the period (three
days) of group #2. In the flash storage device 3, a free block
1s selected from the free block pool 45, and the selected free
block 1s allocated as a write destination block for block 35
group 42. Write data associated with each write command
including lifetime information for identitying a period cor-
responding to group #2 1s written into the write destination
block allocated for block group 42. When this write desti-
nation block 1s fully filled with write data, a free block 1s 40
selected from the free block pool 45 again, and the selected
free block 1s allocated as a new write destination block for
block group 42. The state of the block filled with write data
transitions from an opened state to a closed state, and the
block 1s managed as an active block belonging to block 45

group 42 and including valid data.
FIG. 6 1llustrates a case where block BLK21, block

BLK22, block BLK23, block BLLK24, block BLLK25 and
block BLK26 are allocated as a write destination block for
block group 42 in this order. Block BLK26 1s the current 50
write destination block for block group 42. Block BLK21 1s
the oldest block of the blocks used as a write destination
block for block group 42.

Block group 43 1s a set of blocks for storing data having
an estimated lifetime corresponding to the period (seven 55
days) of group #3. In the flash storage device 3, a free block
1s selected from the free block pool 45, and the selected tree
block 1s allocated as a write destination block for block
group 43. Write data associated with each write command
including lifetime information for identifying a period cor- 60
responding to group #3 1s written 1nto the write destination
block allocated for block group 43. When this write desti-
nation block 1s fully filled with write data, a free block 1s
selected from the free block pool 45 again, and the selected
free block 1s allocated as a new write destination block for 65
block group 43. The state of the block filled with write data
transitions from an opened state to a closed state, and the
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block 1s managed as an active block belonging to block
group 43 and including valid data.

FIG. 6 1illustrates a case where block BLK31, block
BLK32, block BLLK33 and block BILK34 are allocated as a
write destination block for block group 43 in this order.
Block BLLK 34 1s the current write destination block for block
group 43. Block BLK31 is the oldest block of the blocks
used as a write destination block for block group 43.

Block group 44 1s a set of blocks for storing data having
an estimated lifetime corresponding to the period (a month)
of group #4. In the flash storage device 3, a free block 1s
selected from the free block pool 45, and the selected free
block 1s allocated as a write destination block for block
group 44. Write data associated with each write command
including lifetime information for identifying a period cor-
responding to group #4 1s written into the write destination
block allocated for block group 44. When this write desti-
nation block 1s fully filled with write data, a free block 1s
selected from the free block pool 45 again, and the selected
free block 1s allocated as a new write destination block for
block group 44. The state of the block filled with write data
transitions from an opened state to a closed state, and the
block 1s managed as an active block belonging to block
group 44 and including valid data.

FI1G. 6 1illustrates a case where block BILLK41, block
BLK42, block BILLK43, block BIL.LK44, block BLLK45, block
BLK46 and block BLLK47 are allocated as a write destina-
tion block for block group 44 in this order. Block BLK47 1s
the current write destination block for block group 44. Block
BLK41 1s the oldest block of the blocks used as a write
destination block for block group 44.

Regarding each of block group 41, block group 42 and
block group 43, the controller 4 detects a block in which the
clapsed time from the time point at which the block has been
filled with write data exceeds a period (a day, three days or
seven days) corresponding to the block group.

The elapsed time from the time point at which a block has
been filled with write data 1s indicative of the elapsed time
from the time point at which data has been written into the
last storage location of the block. In the case where a write
destination block 1s composed of a single physical block, the
last storage location 1s the last page of the physical block. In
the case where a write destination block 1s composed of, for
example, a single super block, the last storage location 1s the
last page of the last physical block of the physical blocks

included 1n the super block. For example, in super block SB0
of FIG. §, the last page of physical block BLK0 included 1n

plane #1 of NAND flash memory die #31 (die #31) 1s the last
storage location of super block SBO.

It 1s assumed that, 1n block group 41, the elapsed time
from the time point at which block BLK1 has been filled
with write data exceeds a period (a day) corresponding to
block group 41.

In this case, to provide the host 2 with a chance to
reestimate the lifetime of the valid data portions in block
BLK1, the controller 4 notifies the host 2 of a list of LBAs
of the valid data portions stored in block BLK1 or a list of
LLBAs of all the data portions stored in block BLKI1.

Based on the LBA list indicated by the flash storage
device 3, the host 2 reestimates the lifetime of each valid
data portion stored 1n block BLLK1 (that 1s, each valid data
portion which exceeds a period corresponding to the lifetime
previously estimated).

For example, when the reestimated new lifetime of a valid
data portion stored in block BL1 1s three days, the host 2
transmits, to the flash storage device 3, a copy request (copy
command) specifying the valid data portion as copy target
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data and specifying block group 42 (for example, the current
write destination block BLLK26 of block group 42) as a copy
destination block group.

For example, when the reestimated new lifetime of a valid
data portion stored i block BL1 1s seven days, the host 2
transmits, to the flash storage device 3, a copy request (copy
command) speciiying the valid data portion as copy target
data and specitying block group 43 (for example, the current
write destination block BLK34 of block group 43) as a copy
destination block group.

For example, when the reestimated new lifetime of a valid
data portion stored in block BL1 1s a month, the host 2
transmits, to the flash storage device 3, a copy request (copy
command) specitying the valid data portion as copy target
data and specifying block group 44 (for example, the current
write destination block BLK47 of block group 44) as a copy
destination block group.

Based on the copy request received from the host 2, the
controller 4 copies the valid data portion specified as copy
target data by the copy request to the block group (block
group 42, block group 43 or block group 44) specified as a
copy destination block group by the copy request.

After completing the copy operation of the necessary
valid data portions in block BLK1, the host 2 may transmit
an erase command specifying block BLK1 to the flash
storage device 3 to release block BLK1 as a free block.
Based on the receipt of the erase command, the controller 4
performs erase operation for block BLK1 and manages
block BLK1 by the free block pool 45. In other words, block
BLK1 1s moved to the free block pool 45.

When the host 2 determines that all the valid data portions
specified by the LBA list are unnecessary data, the host 2
may immediately transmit an erase command specilying
block BLK1 to the flash storage device 3 without transmuit-
ting a copy request to the tlash storage device 3.

Similarly, for example, when, 1 block group 42, the
clapsed time from the time point at which block BLLK21 has
been filled with write data exceeds a period (three days)
corresponding to block group 42, the controller 4 notifies the
host 2 of a list of the LBAs of the valid data portions stored
in block BLK21 or a list of the LBAs of all the data portions
stored 1n block BLK21.

For example, when, 1n block group 43, the elapsed time
from the time point at which block BLLK31 has been filled
with write data exceeds a period (seven days) corresponding
to block group 43, the controller 4 notifies the host 2 of a list
of the LBAs of the valid data portions stored in block
BILLK31 or a list of the LBAs of all the data portions stored
in block BLK31.

FI1G. 7 1s a diagram for explaining the operation of, when
the elapsed time from the time point at which a block has
been filled with write data exceeds a period, notitfying the
host 2 of the identifier of each of the valid data portions
stored 1n the block.

It 1s assumed that the elapsed time from the time point at
which block BLK1 belonging to block group 41 has been
filled with write data exceeds a period (a day) corresponding
to block group 41. It 1s also assumed that block BLK1 1s
composed of four pages from page O to page 3, and four data
portions are stored 1n each page.

As 1llustrated 1n the upper part of FIG. 7, 1n page 0 of
block BLK1, for example, data portion D1 corresponding to
LBA11l, data portion D2 corresponding to LBA12, data
portion D3 corresponding to LBA21 and data portion D4
corresponding to LBA2S are stored. In page 1 of block
BLK1, for example, data portion D3 corresponding to
[LLBA31, data portion D6 corresponding to LBA32, data
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portion D7 corresponding to LBA33 and data portion D0
corresponding to LBA40 are stored. In page 2 of block
BLK1, for example, data portion D9 corresponding to
[LLBAS1, data portion D10 corresponding to LBAS2, data
portion D11 corresponding to LBA61 and data portion D12
corresponding to LBA62 are stored. In page 3 of block
BLK1, for example, data portion D13 corresponding to
LBA71, data portion D14 corresponding to LBA72, data
portion D15 corresponding to LBA73 and data portion D16
corresponding to LBA74 are stored. Each of these LBAs
may be stored in block BLK1 together with a corresponding
data portion.

The middle part of FIG. 7 1llustrates a valid bit map (here,
“11101000010010007") corresponding to block BLK1. In the
valid bit map, each bit “1” 1s indicative that the data portion
in a storage location corresponding to the bit 1s valid data.
In the valid bit map, each bit “0” 1s indicative that the data
portion 1 a storage location corresponding to the bit 1s
invalid data.

The controller 4 detects each of valid data portion D1,
valid data portion D2, valid data portion D3, valid data
portion D5, valid data portion D10 and valid data portion
D13 stored in block BLK1 by referring to the valid bit map
“1110100001001000”.

As 1llustrated in the lower part of FIG. 7, the controller 4
notifies the host 2 of a list of LBAs (LBA11, LBA12,
LBA21, LBA31, LBAS2 and LBA71) corresponding to
valid data portion D1, valid data portion D2, valid data
portion D3, valid data portion D5, valid data portion D10
and valid data portion D13, respectively.

In the case where the host 2 manages the validity/

invalidity of each data portion, the controller 4 may notity
the host 2 of a list of LBAs (LBA11l, LBA12, LBA21,

LBA25,LBA31, LBA32, LBA33, LBA40, LBA51, LBAS2,
LBA61, LBA62, LBA71, LBA72, LBA73 and LBA74)
corresponding to all the data portions stored 1n block BLK1.

FIG. 8 1s a diagram for explaining lifetime reestimation
operation and data copy operation.

When the host 2 receives an LBA list from the flash
storage device 3, the host 2 reestimates the lifetime of each
valid data portion specified by the LBA list, thereby obtain
ing the new estimated lifetime of each valid data portion
(step S11). The host 2 reclassifies these valid data portions
into group #1 to group #4 based on the new estimated
lifetime (reestimated lifetime) of each valid data portion,
thereby determining a copy destination block group corre-
sponding to each valid data portion (step S12). When a valid
data portion to be copied to another block group 1s present,
the host 2 transmits, to the flash storage device 3, a copy
request specifying the valid data as copy target data and
specilying a block group corresponding to the group into
which the valid data 1s reclassified as a copy destination
block group (step S13).

The copy target data may be specified by a copy source
physical address. For example, when data D1 of block
BLK1 illustrated 1n FIG. 7 1s copy target data, the copy
source physical address 1s represented by block
address=BLK1, page address=0 and oflset=0. The copy
destination block group may be specified by the identifier
identifying one of groups #2 to #4, or may be specified by
the copy destination block address indicative of the copy
destination block 1n the copy destination block group.

It 1s assumed that data D1 of block BLK1 1s copied to the
current write destination block BLLK34 of block group 43. In
this case, for example, a copy request specitying the copy
source physical address (block address=BLK1, page
address=0, oflset=0) and the copy destination block address
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(block address=BI.K34) may be transmitted from the host 2
to the tlash storage device 3. Based on the receipt of this
copy request, the flash storage device 3 reads data D1 from
block BLLK1 and writes the read data into block BLK34,
thereby copying data D1 from block BLK1 to block BLK34
of block group 43.

When a plurality of valid data portions stored 1n block
BLK1 are classified into diflerent groups, the copy destina-
tion block groups to which these valid data portions should
be copied are different from each other.

In the case where a valid data portion stored in block
BLK1 1s classified into group #1 again, copy operation for
this valid data portion may not be performed, or the copy
operation of copying the valid data portion to the current
write destination block for block group 41 corresponding to
group #1 may be performed.

FIG. 9 15 a block diagram for explaining the operation of
writing data having the same estimated lifetime to the same
block, the operation of, when the elapsed time from the time
point at which a block has been filled with write data
exceeds a period, notitying the host 2 of the identifier of each
of the data portions stored in the block, the operation of
copying the data portions stored in the block to a block
group for storing data having another estimated lifetime 1n
response to a request from the host 2, and the operation of
invalidating a data portion stored in the block 1n response to
a request from the host.

When the host 2 receives an LBA list from the flash
storage device 3, the host 2 1s capable of requesting the flash
storage device 3 to copy a data portion corresponding to a
specific LBA included 1n the LBA list, and 1s also capable of
requesting the flash storage device 3 to invalidate a data
portion corresponding to another specific LBA included in
the LEA list.

It 1s assumed that, 1n block group 41, the elapsed time
from the time point at which block BLK1 has been filled
with write data exceeds a period (a day) corresponding to
block group 41. In this case, the controller 4 notifies the host
2 of a list of the LBAs of the valid data portions stored 1n
block BLK1 or a list of the LBAs of all the data portions
stored 1n block BLKI1.

The host 2 reestimates the lifetime of each valid data
portion stored in block BLK1. For example, when the
reestimated new lifetime of a data portion stored 1n block
BLK1 1s three days, the host 2 transmits, to the flash storage
device 3, a copy request (copy command) to copy the valid
data portion from block BLK1 to block group 42 (for
example, the current write destination block BLK26 of
block group 42). When the host 2 determines that another
valid data portion stored in block BLK1 1s no longer
necessary, the host 2 transmits an invalidation request (trim
command) specitying the valid data portion as an invalida-
tion target data portion to the flash storage device 3.

Based on the copy request received from the host 2, the
controller 4 copies the data portion specified as copy target
data by the copy request from block BLK1 to block group
42. Based on the invalidation request received from the host
2, the controller 4 invalidates the data portion in block BLK1
specified as invalidation target data by the invalidation
request.

Similarly, for example, when, 1 block group 42, the
clapsed time from the time point at which block BLLK21 has
been filled with write data exceeds a period (three days)
corresponding to block group 42, the controller 4 notifies the
host 2 of a list of the LBAs of the valid data portions stored
in block BLK21 or a list of the LBAs of all the data portions
stored 1n block BLK21.
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The host 2 reestimates the lifetime of each valid data
portion stored in block BLK21. For example, when the
reestimated new lifetime of a data portion stored 1n block
BLK21 1s seven days, the host 2 transmits, to the flash
storage device 3, a copy request (copy command) to copy
the valid data portion from block BLLK21 to block group 43
(for example, the current write destination block BLLK34 of
block group 43). When the host 2 determines that another
valid data portion stored in block BLK21 1s no longer
necessary, the host 2 transmits an invalidation request (trim
command) speciiying the valid data portion as an invalida-
tion target data portion to the flash storage device 3.

Similarly, for example, when, i block group 43, the
clapsed time from the time point at which block BLLK31 has
been filled with write data exceeds a period (seven days)
corresponding to block group 43, the controller 4 notifies the
host 2 of a list of the LBAs of the valid data portions stored
in block BLK31 or a list of the LBAs of all the data portions
stored 1 block BLK31.

The host 2 reestimates the lifetime of each valid data
portion stored i block BLK31. For example, when the
reestimated new lifetime of a data portion stored 1n block
BILLK31 1s a month, the host 2 transmits, to the flash storage
device 3, a copy request (copy command) to copy the valid
data portion from block BLK31 to block group 44 (for
example, the current write destination block BLK47 of
block group 44). When the host 2 determines that another
valid data portion stored in block BLK31 1s no longer
necessary, the host 2 transmits an invalidation request (trim
command) speciiying the valid data portion as an invalida-
tion target data portion to the flash storage device 3.

Similarly, for example, when, i block group 44, the
clapsed time from the time point at which block BLLK41 has
been filled with write data exceeds a period (a month)
corresponding to block group 44, the controller 4 notifies the
host 2 of a list of the LBAs of the valid data portions stored
in block BLK41 or a list of the LBAs of all the data portions
stored 1n block BLK41.

FIG. 10 1s a diagram for explaining the operation of
changing a block group 1n which data 1s stored from a block
group for storing data having a short lifetime to a group
block for storing data having a long lifetime.

FIG. 10 assumes a case where the storage destination
block group of each valid data portion 1s changed in the
order of block group 41, block group 42, block group 43 and
block group 44.

Firstly, each write data portion classified mto a period (a
day) corresponding to group #1 1s written into the current
write destination block of block group 41 corresponding to
group #1. When this current write destination block 1s filled
with write data, the current write destination block becomes
an active block of block group 41. A new write destination
block for block group 41 1s allocated, and each subsequent
write data portion classified mto a period (a day) corre-
sponding to group #1 1s written into the new write destina-
tion block for block group 41.

Thus, data classified mto a period (a day) corresponding,
to group #1 are stored 1n the active blocks (blocks BLK1 to
BLK7) of block group 41.

Valid data in a block which belongs to block group 41 and
in which the elapsed time from the time point at which the
block has been filled with write data exceeds a day becomes
a copy candidate. The host 2 reestimates the new lifetime of
these valid data portions. When the reestimated lifetime of
these valid data portions 1s three days, these valid data
portions (the old data of group #1) are copied to the current
write destination block of block group 42.
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Thus, the old data of group #1 are stored in the blocks
(blocks BLK21 to BLLK26) of block group 42.

Valid data 1n a block which belongs to block group 42 and
in which the elapsed time from the time point at which the
block has been filled with write data exceeds three days >
becomes a copy candidate. The host 2 reestimates the new
lifetime of these valid data portions. When the reestimated
lifetime of these valid data portions i1s seven days, these
valid data portions (the old data of group #2) are copied to
the current write destination block of block group 43.

Thus, the old data of group #2 are stored in the blocks

(blocks BLLK31 to BLK34) of block group 43.

Valid data 1n a block which belongs to block group 43 and
in which the elapsed time from the time point at which the
block has been filled with write data exceeds seven days
becomes a copy candidate. The host 2 reestimates the new
lifetime of these valid data portions. When the reestimated
lifetime of these valid data portions 1s a month, these valid
data portions (the old data of group #3) are copied to the 3¢
current write destination block of block group 44.

Thus, the old data of group #3 are stored in the blocks
(blocks BLLK41 to BLLK47) of block group 44.

FIG. 11 1s a flowchart illustrating the procedure of the
operation of allocating a block in which the degree of wear 25
1s less to data having a long lifetime and allocating a block
in which the degree of wear 1s great to data having a short
lifetime, and the procedure of the operation of changing the
accuracy ol program operation based on the lifetime of the
data to be written. 30

The data retention period of each block of the NAND
flash memory 5 normally relies on the number of rewrites
(the number of program/erase cycles) of the block. As the
degree of wear of a block 1n which the number of rewrites
1s less 1s comparatively less, the block 1s capable of con- 35
tinuing to normally store data i a comparatively long
period. As the degree of wear of a block 1n which the number
of rewrites 1s great 1s comparatively great, the data retention
period which 1s the period for continuing to normally store
data may be comparatively short. 40

In consideration of the above matters, based on the
number of rewrites (also referred to as the number of
program/erase cycles) of each free block 1n the NAND ftlash
memory 5, the controller 4 classifies the free blocks in the
NAND flash memory 5 1nto a first free block group having 45
a first degree of wear (the group of the first degree of wear),

a second free block group having a second degree of wear
greater than the first degree of wear (the group of the second
degree of wear), a third free block group having a third
degree of wear greater than the second degree of wear (the 50
group ol the third degree of wear) and a fourth free block
group having a fourth degree of wear greater than the third
degree of wear (the group of the fourth degree of wear) (step
S21).

The controller 4 allocates a free block belonging to the 55
group having the least degree of wear (the group of the first
degree of wear) as a write destination block for block group
44 for storing data in which the lifetime 1s a month (step
S22).

The controller 4 allocates a free block belonging to the so
group of the second degree of wear as a write destination
block for block group 43 for storing data in which the
lifetime 1s seven days (step S23).

The controller 4 allocates a free block belonging to the
group of the third degree of wear as a write destination block 65

for block group 42 for storing data in which the lifetime 1s
three days (step S24).
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The controller 4 allocates a free block belonging to the
group having the greatest degree of wear (the destination
block for block group 41 for storing data in which the
lifetime 1s a day (step S25).

In this way, write destination blocks having characteris-
tics suitable for the data retention periods required for a
plurality of block groups 41 to 44 can be allocated to block
groups 41 to 44, respectively.

The controller 4 1s capable of changing program operation
for each block group as needed. Normally, when high-
accuracy program operation for accurately setting the
threshold voltage of a memory cell so as to be the target
threshold voltage 1s performed, the data retention period of
the memory cell 1s comparatively long. However, this pro-
gram operation 1s time consuming. The time required for
low-accuracy program operation for setting the threshold
voltage of a memory cell so as to be the target threshold
voltage with low accuracy 1s short. However, the data
retention time of the memory cell 1s comparatively short.

Therefore, the controller 4 applies a plurality of types of
program operations having different accuracies to block
groups 41 to 44.

The controller 4 determines whether or not the period
identified by the lifetime information of a write command
received from the host 2 1s a month (step S26).

When the period identified by the lifetime information of
the recetved write command 1s a month (YES 1n step S26),
the controller 4 writes write data associated with the write
command 1nto a write destination block allocated for block
group 44, using high-accuracy program operation (step
S27).

When the period identified by the lifetime information of
the received write command 1s not a month (NO 1n step
S526), the controller 4 determines whether or not the period
identified by the lifetime information of the write command
received from the host 2 1s seven days (step S28).

When the period identified by the lifetime information of
the recetved write command 1s seven days (YES i step
S28), the controller 4 writes write data associated with the
write command 1nto a write destination block allocated for
block group 43, using intermediate-accuracy program opera-
tion (step S29).

When the period identified by the lifetime information of
the recerved write command 1s not seven days (NO 1n step

S28), the controller 4 determines whether or not the period
identified by the lifetime information of the write command
received from the host 2 1s three days (step S30).

When the period identified by the lifetime information of
the received write command 1s three days (YES 1n step S30),
the controller 4 writes write data associated with the write
command into a write destination block allocated for block
group 42, using intermediate-accuracy program operation
(step S31).

When the period identified by the lifetime information of
the received write command 1s not three days (NO 1n step
530), the controller 4 determines whether or not the period
identified by the lifetime information of the write command
received from the host 2 1s a day (step S32).

When the period identified by the lifetime information of

the received write command 1s a day (YES 1n step S32), the
controller 4 writes write data associated with the write

command 1nto a write destination block allocated ftor block

group 41, using low-accuracy program operation (step S33).
FIG. 12 illustrates a write command 1ssued to the flash

storage device 3.
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A write command 1s a command to request the flash
storage device 3 to write data. The write command may
include a command ID, lifetime information, a tag, a length,
a write buller address, etc.

The command ID 1s the unique 1dentifier of the command
(here, the write command). The lifetime information 1s
information for identifying a period corresponding to the
lifetime of the write data to be written. The lifetime infor-
mation may be indicative of the time length of a period
corresponding to the lifetime of write data as described
above. Alternatively, the lifetime information may be an
identifier associated with the period.

The tag 1s an 1dentifier for identitying the write data to be
written. The tag may be a logical address such as an LBA or
a user address (for example, a key of a key-value store or the
hash value of the key) as described above.

The length 1s indicative of the size of the write data to be
written. The write builer address 1s mndicative of the location
in the memory (host memory) of the host 2 in which the
write data to be written 1s stored. The write bufler address 1s
also referred to as a data pointer.

FI1G. 13 1llustrates an address recording request transmit-
ted from the flash storage device 3 to the host 2.

An address recording request 1s the above physical
address notification message, and 1s used to notify the host
2 of the physical address indicative of the storage location
(physical storage location) in the NAND flash memory 5 1n
which the write data associated with the write command 1s
written. The address recording request may include a tag, a
physical address (block address and oflset) and a length.

The tag 1s the tag included 1n the write command of FIG.
12. The physical address 1s indicative of the physical storage
location 1n which the write data associated with the write
command 1s written. The physical address 1s represented by
a block address and an in-block oflset. The length 1s 1ndica-
tive of the length of the written write data.

FIG. 14 illustrates a read command 1ssued to the flash
storage device 3.

A read command 1s a command to request the flash
storage device 3 to read data. The read command may
include a command ID, a physical address, a length and a
read bufler address.

The command ID 1s the unique 1dentifier of the command
(here, the read command). The physical address 1s indicative
of the physical storage location 1n which the data to be read
1s stored. The physical address 1s represented by a block
address and an in-block ofiset. The length 1s indicative of the
size of the data to be read. The read bufler address 1s
indicative of the location 1n the host memory to which the
read data should be transferred.

FIG. 13 illustrates a copy command 1ssued to the flash
storage device 3.

A copy command 1s a command to request the flash
storage device 3 to copy the data already written in the
NAND flash memory 5 to another storage location 1n the
NAND flash memory 5.

The copy command 1s used to copy the copy target data
included 1n the copy source block having the source physical
address specified by the host 2 to the block having the
destination physical address specified by the host 2.

The copy command may include a command 1D, a source
physical address, a destination physical address and a bit
map.

The command ID 1s the unique identifier of the copy
command. The source physical address 1s indicative of the
address of the copy source block in which the data to be
copied 1s stored. The destination physical address 1s 1ndica-
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tive of the address of the copy destination block. As
described above, the destination physical address may be the
identifier of the copy destination block group (destination
block group).

The bit map includes a plurality of bits corresponding to
a plurality of physical storage locations 1n the copy source
block, respectively. The value of a bit “1” 1s indicative that
the data portion stored 1n a corresponding physical storage
location 1s copy target data. The value of a bit “0” 1s
indicative that the data portion stored 1n a corresponding
physical storage location 1s not copy target data.

For example, as shown in FIG. 16, when the source
physical address included 1n a copy command 1s indicative
of the physical address of block BLK1, and the bit map
included 1n the copy command 1s indicative of
“11100000000000007, the controller 4 determines only data
portion D1, data portion D2 and data portion D3 as copy
target data from data portions D1 to D16 stored in block
BLK1 based on the bit map “1110000000000000.

FIG. 17 1llustrates an erase command issued to the flash
storage device 3.

An erase command may include a command ID and a
block address. The command ID 1s the unique 1dentifier of
the erase command. The block address 1s imndicative of the
block address of the erase target block.

FIG. 18 illustrates a trim command 1ssued to the flash
storage device 3.

A trim command 1s used as the above invalidation request
speciiying one or more valid data portions stored in a block
as invalidation target data. The trim command may include
a command ID, a physical address and a length. The
command ID 1s the unique 1dentifier of the trim command.
The physical address 1s indicative of the first physical
address 1n which the data to be invalidated 1s stored. The
physical address 1s represented by a block address and an
in-block oflset. The length 1s indicative of the size of the data
to be invalidated.

FIG. 19 1s a flowchart illustrating the procedure of write
operation performed 1n the flash storage device 3.

When the controller 4 receives a command from the host
2, the controller 4 determines whether or not the received
command 1s a write command (step S41).

When the received command 1s a write command (YES 1n
step S41), the controller 4 determines which period (here, a
day, three days, seven days or a month) 1s identified by the
lifetime information included in the write command (steps
S42, S44, S46 and S48).

When the period identified by the lifetime mnformation 1s
a day (YES 1n step S42), the controller 4 writes the write
data associated with the write command into a write desti-
nation block allocated to block group 41 (that i1s, a write
destination block for a day) (step S43). The controller 4
transmits the physical address indicative of the physical
storage location 1n which the write data 1s written as an
address recording request to the host 2 (step S50).

When the period 1dentified by the lifetime information 1s
three days (YES in step S44), the controller 4 writes the
write data associated with the write command 1nto a write
destination block allocated to block group 42 (that 1s, a write
destination block for three days) (step S45). The controller
4 transmits the physical address indicative of the physical
storage location in which the write data 1s written as an
address recording request to the host 2 (step S50).

When the period identified by the lifetime information 1s
seven days (YES in step S46), the controller 4 writes the
write data associated with the write command 1nto a write
destination block allocated to block group 43 (that 1s, a write
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destination block for seven days) (step S47). The controller
4 transmits the physical address indicative of the physical
storage location in which the write data 1s written as an
address recording request to the host 2 (step S50).

When the period identified by the lifetime information 1s
a month (YES in step S48), the controller 4 writes the write
data associated with the write command 1nto a write desti-
nation block allocated to block group 44 (that 1s, a write
destination block for a month) (step S49). The controller 4
transmits the physical address indicative of the physical
storage location in which the write data 1s written as an
address recording request to the host 2 (step S50).

FIG. 20 1s a flowchart 1llustrating the procedure of copy
operation and invalidation operation performed 1n the flash
storage device 3.

Regarding each of block group 41 to block group 44, the
controller 4 detects, of the blocks (active blocks) in which
valid data 1s stored, a block 1n which the elapsed time from
the time point at which the block has been filled with write
data exceeds a corresponding period (step S51).

The controller 4 notifies the host 2 of a list of the LBAs
of the valid data portions stored 1n the detected block or a list
of the LBAs of all the data portions stored in the detected
block (step S53).

When the controller 4 receives a copy request (copy
command) from the host 2 (YES 1n step S53), the controller
4 copies one or more copy target data portions specified by
the copy request to the copy destination block group (for
example, the write destination block of the copy destination
block group) specified by the copy request (step S54).

When the controller 4 receives an invalidation request
(trrm command) from the host 2 (YES 1n step S55), the
controller 4 invalidates one or more invalidation target data
portions specified by the mvalidation request (step S56).

When the controller 4 receives an erase request (erase
command) from the host 2 (YES 1n step S57), the controller
4 performs the erase operation of the block specified by the
erase request and releases the block as a free block (step
S58).

As explained above, according to the present embodi-
ment, regarding each of block group 41 to block group 44,
the controller 4 detects, of the blocks (active blocks) in
which valid data 1s stored, a block 1n which the elapsed time
from the time point at which the block has been filled with
write data exceeds a corresponding period. For example,
when the controller 4 detects, of the blocks in which valid
data portions are stored and which belong to the first block
group, a first block 1n which the elapsed time from the time
point at which the block has been filled with write data
exceeds the first period (for example, a day) corresponding
to the first block group, the controller 4 notifies the host 2 of
a list of the 1dentifiers of the valid data portions stored 1n the
first block (or a list of the i1dentifiers of all the data portions
stored 1n the detected block). In this way, it 1s possible to
provide the host 2 with a chance to reestimate the new
lifetime of each data portion (valid data portion) stored 1n the
first block. When a first copy request specilying one or more
valid data portions stored in the first block as copy target
data and specilying the second block group for storing data
corresponding to the second period longer than the first
period (for example, a day) as a copy destination block
group 1s recerved from the host 2, the controller 4 copies one
or more valid data portions specified as copy target data
from the first block to the second block group. In this way,
data 1n which the actual lifetime becomes longer than the
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first period (for example, a day) can be restored in a block
group for storing data corresponding to a period longer than
the first period.

Thus, 1n comparison with a case where all the valid data
portions stored in the first block are maintained 1n the first
block, a possibility that all the data portions 1n each block are
invalidated by erasing or updating (rewriting) the data can
be increased. In this way, the write amplification of the flash
storage device 3 can be reduced.

As described above, the present embodiment can provide
the host 2 with information useful for reducing the write
amplification of the flash storage device 3, thereby improv-
ing the performance of the flash storage device 3.

In the present embodiment, the host 2 1s notified of a list
of the 1dentifiers of the valid data portions stored in the first
block (or a list of the 1dentifiers of all the data portions stored
in the detected block). However, each of the valid data
portions may be transmitted to the host 2 together with a list
of the identifiers of the valid data portions stored in the first
block. In this case, instead of transmitting a copy request to
the flash storage device 3, the host 2 may transmit, to the
flash storage device 3, a write command including the new
lifetime information of a valid data portion which should be
restored 1n another block group.

In the present embodiment, a NAND flash memory 1s
exemplarly illustrated as a nonvolatile memory. However,
the function of the embodiment 1s also applicable to other
various nonvolatile memories such as a magnetoresistive
random access memory (MRAM), a phase-change random
access memory (PRAM), a resistive random access memory
(ReRAM) and a ferroelectric random access memory (Fe-
RAM).

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the mventions.

What 1s claimed 1s:

1. A memory system connectable to a host, comprising:

a nonvolatile memory including a plurality of blocks; and

a controller electrically connected to the nonvolatile
memory and configured to receive a write command
from the host, the write command including an 1den-
tifier of write data and lifetime information of the write
data, the lifetime information identifying a period to
which an estimated lifetime of the write data belongs,
the estimated lifetime being a lifetime of the write data,
which 1s estimated by the host, wherein the controller
1s configured to:

when the period 1dentified by the lifetime information of
the recerved write command 1s a first period, write the
write data into a first write destination block allocated
for a first block group for storing data having an
estimated lifetime corresponding to the first period;

when the first write destination block 1s filled with the
write data, manage the first write destination block as
a block 1n which a valid data portion 1s stored and
which belongs to the first block group, and allocate a
new first write destination block for the first block

group,
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when the period 1dentified by the lifetime information of

the received write command 1s a second period longer
than the first period, write the write data into a second
write destination block allocated for a second block
group for storing data having an estimated lifetime
corresponding to the second period;

when the second write destination block 1s filled with the

write data, manage the second write destination block
as a block 1mn which a valid data portion 1s stored and
which belongs to the second block group, and allocate
a new second write destination block for the second
block group;

detect, of blocks 1n which valid data portions are stored

and which belong to the first block group, a first block
in which an elapsed time from a time point at which the
block has been filled with the write data exceeds the
first period, the first block containing data 1n which an
clapsed time from a time point at which the data has
been written to the first block 1s longer than the first
period;

notily the host of a first list of 1identifiers identiiying valid

1n

1n

2.
fu

data portions stored 1n the first block or a second list of
identifiers 1dentitying all data portions stored in the first
block, wherein each of the valid data portions 1s data in
which an elapsed time from a time point at which the
data has been written to the first block 1s longer than the
first period;

response to receiving a first copy request from the host
aiter notitying the host of the first list or the second list,
the first copy request specilying one or more valid data
portions stored 1n the first block as copy target data and
speciiying the second block group as a copy destination
block group, copy the one or more valid data portions
specified as the copy target data from the first block to
the second block group; and

response to recerving a lirst invalidation request from
the host after notifying the host of the first list or the
second list, the first invalidation request specitying one
or more valid data portions stored 1n the first block as
invalidation target data, invalidate the one or more
valid data portions specified as the invalidation target
data, without copving the one or more valid data
portions specified as the invalidation target data to any
block group.

The memory system of claim 1, wherein the controller

rther configured to:

based on a number of rewrites of each free block in the

nonvolatile memory, classily the free blocks in the
nonvolatile memory 1nto a first free block group having
a first degree of wear and a second free block group
having a second degree of wear greater than the first
degree of wear;

allocate a free block belonging to the first free block group

as the second write destination block for the second
block group; and

allocate a free block belonging to the second free block

3.

group as the first write destination block for the first
block group.
The memory system of claim 1, wherein the controller

1s further configured to:
when the period 1dentified by the lifetime information of

the recetved write command 1s a third period longer
than the second period, write the write data 1nto a third
write destination block allocated for a third block group
for storing data having an estimated lifetime corre-
sponding to the third period; and
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when the third write destination block 1s filled with the
write data, manage the third write destination block as
a block 1 which a valid data portion 1s stored and

which belongs to the third block group, and allocate a
new third write destination block for the third block

group.
4. The memory system of claim 3, wherein the controller
1s Turther configured to:

in response to receiving a second copy request from the
host after notifying the host of the first list or the second
list, the second copy request speciiying one or more
valid data portions stored in the first block as copy
target data and specitying the third block group as a
copy destination block group, copy the one or more

valid data portions specified as the copy target data
from the first block to the third block group.

5. The memory system of claim 3, wherein the controller
1s further configured to:

detect, of blocks 1n which valid data portions are stored
and which belong to the second block group, a second
block 1n Which an elapsed time from a time point at
which the block has been filled with the write data
exceeds the second period, the second block containing
data 1n which an elapsed time from a time point at
which the data has been written to the second block 1s
longer than the second period:

notily the host of a third list of 1dentifiers identifying valid
data portions stored in the second block or a fourth list
of identifiers identifying all data portions stored in the
second block, wherein each of the valid data portions
stored 1n the second block 1s data 1n which an elapsed
time from a time point at which the data has been
written to the second block 1s longer than the second
period;

in response 1o recerving a third copy request from the host
after notitying the host of the third list or the fourth list,
the third copy request specifying one or more valid data
portions stored 1n the second block as copy target data
and specitying the third block group as a copy desti-
nation block group, copy the one or more valid data

portions specified as the copy target data from the
second block to the third block group; and

in response to receiving a second invalidation request
from the host after notitying the host of the third list or
the fourth list, the second invalidation request specify-
ing one or more valid data portions stored 1n the second
block as invalidation target data, invalidate the one or
more valid data portions specified as the invalidation
target data, without copying the one or more valid data
portions specified as the invalidation target data to any
block group.

6. The memory system of claim 1, wherein the controller
1s further configured to:

detect each valid data portion stored 1n the first block by
referring to bit map imformation indicative of validity

or invalidity of each data portion stored in the first
block; and

notity the host of the first list of i1dentifiers 1dentifying
cach of the detected valid data portions.

7. The memory system of claim 1, wherein the lifetime
information included in the receive write command 1is
indicative of a time length of the first period or the second
period.
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8. The memory system of claim 1, wherein

the lifetime information included in the received write
command 1s indicative of a first 1dentifier associated
with the first period or a second 1dentifier associated
with the second period.

9. A method of controlling a nonvolatile memory 1nclud-

ing a plurality of blocks, the method comprising:

receiving a write command from a host, the write com-
mand ncluding an identifier of write data and lifetime
information of the write data, the lifetime information
identifying a period to which an estimated lifetime of
the write data belongs, the estimated lifetime being a
lifetime of the write data, Which 1s estimated by the
host:

When the period 1dentified by the lifetime information of
the received write command 1s a first period, writing the
write data mto a first write destination block allocated
for a first block group for storing data having an
estimated lifetime corresponding to the first period;

when the first write destination block 1s filled with the
write data, managing the first write destination block as
a block 1n which a valid data portion 1s stored and
which belongs to the first block group, and allocating a
new first write destination block for the first block
group;,

when the period 1dentified by the lifetime information of
the received write command 1s a second period longer
than the first period, writing the write data into a second
write destination block allocated for a second block
group for storing data having an estimated lifetime
corresponding to the second period;

when the second write destination block 1s filled with the
write data, managing the second write destination block
as a block 1n which a valid data portion 1s stored and
which belongs to the second block group, and allocat-
ing a new second write destination block for the second
block group;

detecting, of blocks 1n which valid data portions are stored
and which belong to the first block group, a first block
in which an elapsed time from a time point at which the
block has been filled with the write data exceeds the
first period, the first block containing data 1n which an
clapsed time from a time point at which the data has
been written to the first block 1s longer than the first
period;

notifying the host of a first list of identifiers 1dentiiying
valid data portions stored 1n the first block or a second
list of 1dentifiers 1dentifying all data portions stored 1n
the first block, wherein each of the valid data portions
1s data 1n which an elapsed time from a time point at
which the data has been written to the first block 1s
longer than the first period;

1in response to receiving a first copy request from the host
aiter notifying the host of the first list or the second list,
the first copy request speciiying one or more valid data
portions stored in the first block as copy target data and
speciiying the second block group as a copy destination
block group, copying the one or more valid data
portions specified as the copy target data from the first
block to the second block group; and

1n response to receiving a first invalidation request from
the host after notifying the host of the first list or the
second list, the first invalidation request specilying one
or more valid data portions stored 1n the first block as
invalidation target data, invalidating the one or more
valid data portions specified as the mvalidation target
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data, without copying the one or more valid data
portions specified as the invalidation target data to any
block group.

10. The method of claim 9, further comprising;:

based on a number of rewrites of each free block 1n the
nonvolatile memory, classitying the free blocks 1n the
nonvolatile memory nto a first free block group having
a first degree of wear and a second free block group
having a second degree of wear greater than the first
degree of wear;

allocating a free block belonging to the first free block
group as the second write destination block for the
second block group; and

allocating a free block belonging to the second free block
group as the first write destination block for the first
block group.

11. The method of claim 9, further comprising:

when the period 1dentified by the lifetime information of
the received write command 1s a third period longer
than the second period:

writing the write data into a third write destination block
allocated for a third block group for storing data having
an estimated lifetime corresponding to the third period;
and

when the third write destination block 1s filled with the
write data, managing the third write destination block
as a block 1n which a valid data portion 1s stored and
which belongs to the third block group, and allocating
a new third write destination block for the third block
group.

12. The method of claim 11, further comprising:

in response to receiving a second copy request from the
host after notifying the host of the first list or the second
list, the second copy request speciiying one or more
valid data portions stored in the first block as copy
target data and specitying the third block group as a
copy destination block group, copying the one or more
valid data portions specified as the copy target data
from the first block to the third block group.

13. The method of claim 11, further comprising:

detecting, of blocks 1n which valid data portions are stored
and which belong to the second block group, a second
block 1n which an elapsed time from a time point at
which the block has been filled with the write data
exceeds the second period, the second block containing
data 1n which an elapsed time from a time point at
which the data has been written to the second block 1s
longer than the second period:

notitying the host of a third list of 1dentifiers 1dentifying
valid data portions stored in the second block or a
fourth list of identifiers i1dentitying all data portions
stored 1n the second block wherein each of the valid
data portions stored 1n the second block 1s data 1n which
an elapsed time from a time point at which the data has
been written to the second block 1s longer than the
second period;

1in response to receiving a third copy request from the host
after notifying the host of the third list or the fourth list,
the third copy request specifying one or more valid data
portions stored 1n the second block as copy target data
and specitying the third block group as a copy, desti-
nation block group, copying the one or more valid data
portions specified as the copy target data from the
second block to the third block group; and

in response to receiving a second invalidation request
from the host after notitying the host of the third list or
the fourth list; the second invalidation request specily-
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ing one or more valid data portions stored 1n the second
block as invalidation target data, invalidating the one or
more valid data portions specified as the mvalidation
target data, without copying the one or more valid data
portions specified as the mvalidation target data to any 5
block group.

14. The method of claim 9, further comprising;:

detecting each valid data portion stored 1n the first block
by referring to bit map mformation indicative of valid-
ity or mvalidity of each data portion stored 1n the first 10
block; and

notifying the host of the first list of 1dentifiers capable of
identifying each of the detected valid data portions.

15. The method of claim 9, wherein

the lifetime 1information 1s 1indicative of a time length of 15
the first period or the second period.

16. The method of claim 9, wherein

the lifetime information 1s 1ndicative of a first 1dentifier
associated with the first period or a second identifier
associated with the second period. 20
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